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Background 
Preventive and corrective maintenance of mechanical components on Navy ships and 
aircrafts is a complex task that can have major impacts on operational readiness. In 
situation when a component needs to be delivered to a remote team (an off shore 
installation or ship), the final cost of transit and delivery can be further exacerbated if 
newly received component is confirmed not to be adequate, leading to a new iteration of 
physical delivery. This results in extreme and unplanned costs of the overall mission. We 
propose to design and test maintenance workflow that utilize the emerging capabilities of 
novel technologies like 3D scanning, 3D printing and stereoscopic display, ensuring that 
only fully tested physical components will ever be shipped to remote unit. This process 
can be seen as a virtualization of corrective procedures, where instead of physical 
components, local and remote teams exchange a set of virtual artifacts, test mock-up 
objects and resort to final delivery only when they are sure the new component is a 
perfect fit. This delayed and in-time manufacturing and transit, fully supporting the 
concept of smart manufacturing grid, represent the essence of policy that has energy 
savings at its core. The benefits of this approach will be directly applicable to many other 
segments of DoD and civilian domains. 
 
Process 
The account for our project effort became operational on 03/19/2015, which allowed us 
to start research efforts in support of the project objectives. Our team completed 
following activities during this period: 
1. Conducted market research for both 3D printers and 3D scanners capable of 
supporting projected laboratory and field testing of maintenance workflow 
augmented with novel technologies. 
2. Created documentation necessary for purchasing the equipment and software 
needed for project work, and initiated purchasing process. The value of hardware 
and software components was $17K, which was slightly less then our original 
estimate. 
3. We had several meetings and demonstrations with CDR Karen Dallas during her 
visit to Monterey in support of NPS Naval Research Program event. 
4. Conducted a series of consultation sessions with the office of Topic Sponsor 
(CAPT Futcher, Mr. David Barrett), colleagues from SPAWAR, NAVFAC, NPS 
Center for Asymmetric Warfare and other NPS colleagues. 
5. Initiated travel request for attendance in Web3D conference and field trip to San 
Diego where we are expected to meet with a number of AM practitioners from 
SPAWAR, Port Hueneme and the Navy Shipyard. We further hope to take a tour 
of AM capabilities and machine shops on USS ESSEX (when back in port) and 
sister ship USS BOXER. 
6. We made inquiries to visit local USCGC HAWKSBILL to observe their 
preventative/corrective maintenance actions.  
7. Initiated research of domain literature (academic papers and web articles), 
companies with businesses directed towards different segment of AM domain, 
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forums, groups and events organized for both academia and practitioners of AM 
domain. 
8. Initiated the effort of cataloging the use of AM within NPS, and identified the 
colleagues and research efforts that have been using AM capabilities. We have 
begun planning NPS portal forum for 3D printing and AM. 
9. Created two draft papers and submitted a PhD project poster to the Web3D 
conference: 
a. "X3D Modeling of a Historical Building:  San Carlos Cathedral Case 
Study, by Michele Foti and Don Brutzman.  
b. "X3D Distributed Interactive Simulation (DIS) Implementation and Run-
Time Discovery of New Entities using X3DOM" by Don McGregor, 
Byron Harder and Don Brutzman. 
c. "Matlab and Simulink Creation and Animation of X3D in Web-Based 
Simulation" by Major YuanPin (Ben) Cheng TW and Don Brutzman. 
 
Findings and Conclusions 
6 weeks into the project we are finding that all principles, assumptions and opportunities 
for the Navy outlined in this project are valid and continue to be worth exploring. All 
planned activities needed in support of the next phase of our project work, have been 
completed, and the acquisition of needed test infrastructure has been initiated. 
 
Recommendations 
We look forward to scheduling additional meetings with the sponsor, Navy partners and 
other organizations in the pursuit of this work to ensure that we are aligning with project-
office goals. 
Please see our draft papers and poster attached separately (two draft papers and one 
poster). 
